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_ -' : ' ' Two hypotheseshave been proposed to explain the reduced dskof epithelialovarian
• - ._--: -.- .: cancer associated with pregnancy and oral contraceptive use. The first states that

'"_.,:j-,:,!.-i_. . somesequelaeof ovulation increase the likelihood of malignancyandthat pregnancies
._.._.-_,_:!._., -._. andoralcontraceptivesprotectbysuppressingovulation.The secondhypothesisstates

..,,_.:,,=_._.;_.._,i,_.$__:_ that circulatinglevelsof pituitary gonadotropinsincrease the nsk of malignancyandthat pregnancies and oral contraceptives protect by suppressing secretion of these
_=.:-.-_,.__...:-..,"-,--. hormones.The authorsevaluatethe two hypothesesin r_jhtof combineddata from 12

• ._-.... ,-.'_". ' United States case-control studies of epithelial ovarian cancer in white women con-
" "_ -!': .;- ducted from 1956 to 1986. Whilea number of observationssupporl bothhypotheses,

" : ":: " there are exceptions. Differential dsk reduction associated with pregnancy and oral
':" _"_:;:" ""*"..... contraceptiveuse (pregnancy being the more effective in young women and the less
• .-.. :_ :. effectiveinolder women) conflicts with the first "ovulation" hypothesis,whilereduced

nsk associatedwith breast feeding and absenceof alteredrisk associatedwith estrogen
replacement therapy conflicts with the second "gonadotropin" hypothesis. Several

;'._.,- findingswould not have been predicted by either hypothesis,e.g., only weak trends
' _-:_ relatecancernsk to age at menarche,and, among older women, no cleartrends relate

- risk to age at menopause.Odds ratio attenuation due to errors in reporting personal
characteristicsmay be responsible for some of these inconsistencies.Multidisciplinary
researchisneededto danfythe etiologicrolesofovulationandgonadob'opinstimulation,
both of which mayenhancecarcinogenesisin the ovarianepithelium.Am J Epidemiol
1992;136:1212-20.

gonadotropins;ovarianneoplasms;ovulation;reproduction

Pregnancy and oral contraceptive use are ovarian cancer. These associations appear tO
associated with reduced risk of epithelial reflect more than a correlation between low

Receivedfor_tion August21,1991,andin fr=al FerbTdyBranch,Divisionof ReproductiveHealth,Centers
fon'nJuly23,1992. forDiseaseContro/,AUanla,GA;Or.JosephL Lyon,

Ab_ev_a0on:FSH,f_k:_.stimulatinOhormone. DepartmentofFam_andCommunityMedcine,TheUni-
'Divisionof Epidemiology,Depaxlmentof Hea/thRe- vers_tyof UtahM,edica_Center,Sa/tLakeCity,UT; Dr.

searchandPo/icy,StanfordLkwers_tySc:ho_ofMedicine, JamesR.Marshall,DepartmentofSocialandPrevenbve
Stanford,CA. Medcine,StateUniversityofNewYorkatBuffaloSchool

MembersoftheCollab_ativeOvarianCancerGroup: of_, Buffalo,NY;Dr.larryMcGowan,_ of
Dr.JohnT.Casagrande,DepartmentofPreventiveMedi- _ Oncology,DepartmentofObstetricsandGy.
cine,_sity ofSouthernCalifornia,LosAngeles,CA; necology,GeorgeWashingtonUniversityMedicalCenter,
Dr.DanielCramer,Departmentof ObstetricsandGyne- Washington,OC;Dr. Pt_ C. Nasca,NewYorkState
cology,BrighamandWomen'sHospita/,Boston,MA;Dr. Depadme_tof Hea/th,Bureauof CancerEpiden'k_gy,
PatriciaHartge,EnvironmentalEpidemio/ogyBranch.Na- Schoolof Pubr¢Hea/th,Departmentof Epidemiok_,
lionalCancerInstitute,Bethesda,MD;Dr. JenniferL Albany,NY;Dr.P,a/phS. Paffenbarger,Jr., Divisionof
Kelsey,Divisionof Epidemiology,Depadmentof Health Epiderniology,Depa/tme_ofHealthResearchandPoP-'y,

: ResearchandPorcy,Stanford_ Schoolof Meal- Stanford_ Schodof_, Stanford,CA;Dr.
c_e,Stanford,C_ D. _ Lee,DeparlmentofEpide. LynnRosenberg,SloneEI_ Unit,Scho_ofPub-
miofogy,Universityof Ca_domia,San Francisco,San ic_,BostonUr)k, ers_/Schoo4of_,Brookfr)e,
Francisco,CA;Dr.NancyC. Lee,Women'sHealthand MA;andDr.NoetS.Weiss,DepadmentofEpider_,

1212



Pathogenesisof OvarianCancer 1213
Vol. 136, No. 10

and Pub_ Heallh Printed in U.S.A.

_ parity and some form of infertility that pre- 8). Thus, both hypotheses predict that preg-
' disposes to the disease. Two hypotheses pro- nancies reduce ovarian cancer risk. In sup-

(: Collaborative pose direct protective effects ofthese factors, port of this prediction, each additional term
Fathalla (l, 2) hypothesized that ovarian pregnancy (even among the highly parous)
carcinogenesis involves some mechanical se- is associated with reduced risk of both in-

quelae of ovulation, such as trauma or mi- vasive cancer (9, table 4) and cancers of low
totic stimuli to the ovarian epithelium. This malignant potential (10, table l). The data
"ovulation" hypothesis suggests that preg- suggest that each additional pregnancy after
nancy and oral contraceptive use protect the first confers the same percent reduction

)llaborative Ovarian against ovarian cancer by inhibiting ovula, in risk of invasive cancer, estimated to be
tion. Alternatively, Gardner (3) and Stadel about 14 percent. For the population-based

(4) hypothesized that exposure of the ovar- studies, this reduction is smaller (p < 0.001)

ted risk of epithelial ovarian ian epithelium to persistently high circulat- than the 40 percent reduction found for the
._use. The first states that ing levels of pituitary gonadotropins in- first term pregnancy. In terms of the two
nancy and that pregnancies creases the likelihood of malignancy. This hypotheses then, the population-based data
_e second hypothesis states -gonadotropin" hypothesis suggests that suggest that some factor in addition to a
the risk of malignancy and pregnancy and oral contraceptive use pro- period of anovulation or gonadotropin
pressing secretion of these tect against ovarian cancer by inhibiting pi- suppression distinguishes uniparous women
'it of combined data from 12 tuitary secretion of gonadotropins, from nulliparous women.
_ncer in white women con- Animal experiments provide evidence to Both the ovulationand the gonadotropin

s support both hypotheses, support both hypotheses. In domestic fowl, hypotheses predict that failed pregnancies
with pregnancy and oral stimulating egg production induces ovarian protect against ovarian cancer, perhaps to a

young women and the less
" hypothesis, while reduced adenomas (5), and in rodents, anatomic al- lesser degree than do term pregnancies. The
isk associated with estrogen terations that result in increased gonadotro- data for both invasive and borderline can-
tropin" hypothesis. Several pin secretion enhance ovarian tumorigenesis cers support this prediction. Failed pregnan-
t.sis, e.g., only weak trends (6). However, because these experimentally cies are associated with reduced risk among
omen, no clear trends relate induced tumors are either uncommon or the parous (9, table 5 and 10, table 1), al-
errors in reporting personal nonexistent in humans, their relevance to though no clear effect ofgravidity is evident
_sister_.,ies. Multidisciplinary the epithelial cancers that comprise the ma- among the nulliparous. The risk reduction

gonadotropin stimulation, jority of human malignancies is unclear, per pregnancy is smaller in magnitude for
epithelium. Am d Epidemiol Here we evaluate the hypotheses in light of failed pregnancies than for term pregnan-

combined data from 12 United States case- cies. However, data on gestational length for
control studies of epithelial ovarian cancer each pregnancy, available from a subset of
in white women conducted from 1956 to the studies, suggest that the decreased pro-
1986 and described in the previous two pa- tection associated with a failed pregnancy is

-er. These associations appear t pets. due to its shorter length: Among the gravid,
than a correlation between odds ratios per month of pregnancy do not

PREGNANCIES depend on pregnancy outcome. In conclu-
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ovulation hypothesis) and ovarian enlarge- rogate for cessation of ovulation, since ovu- dict t!
ment from FSH hyperstimulation (support- latory cycles occur sporadically during the ian cc
ive ofthe gonadotropin hypothesis) (11, 12). perimenopausal years. The ovulation hy- by tre

pothesis therefore predicts that late age at durati
-_'\ BREAST FEEDING menopause is weakly associatedwith in- amon

Breast feeding induces partial inhibition creased ovarian cancer risk• In agreement ence c
of ovulation in lactating women (13, 14). with the prediction for menarche, the data Cur

_T ' Thus,the ovulation hypothesis predicts that show trends of increased risk associated with tary
,,- breast feeding reduces ovarian cancer risk. early menarche, although the trends are wome

Breast feeding also induces increased secre- weak (9, table 8). However, in disagreement els (25
•-" lion of FSH and reduced secretion oflutein- with the prediction for menopause, the data sociat:

show no clear trends with later cessation of therar
izing hormone (15). In lactating women,
FSH rises after childbirth to normal follicu- menstruation (9, table 8 and 10, table 3). less ot
lar phase values and remains elevated until Among older women, those with late men- table"
the return of ovarian estrogenic function opause have no altered risk of invasive can- theral_

_.._,. (16). Thus, the gonadotropin hypothesis pre- cer in the hospital-based studies and slightly gonad
"_';"" dicts that breast feeding, with its concomi- decreased risk in the population-based pin le'

tant elevated FSH levels, increases risk. Yet studies. The slight decrease in risk in the thresh
the data for both invasive cancers (9, table population data supports, instead, the
7) and cancers of low malignant potential gonadotropin hypothesis because late PELVt
(10, table l) show reduced risk associated menopause postpones exposure to elevated
with breast feeding, So the data on breast gonadotropin levels that accompany the Tut-

:/._ feeding, while consistent with the ovulation menopause (19). This absence of increasing ovaria
" hypothesis, conflict with the gonadotropin risk with increasing age at menopause functk

: '_'_';_.... among older women conflicts with the less supply
" : hypothesis. It should be noted however, that rapid rise with age of ovarian cancer inci- should"_' lactation is also associated with ovarian re-

., fractoriness to FSH stimulation (15), and dence rates after age 55 years. Such deceler- cordin

;i_!_-¢_'**_,_ this characteristic may be responsible for its ation is seen even in countries where hyster- over, l-
c}ii_[_ i_ apparent protective effect, ectomy is uncommon and therefore unlikely years

_ The effectiveness of lactation in suppress- to bias postmenopausal rates downward by tomy_v,_,_-- .

• _,.,.__ removing women from the population at lions a:
.:,._., _ ing ovulation is strongest during the first few_,:_:_ , risk (20, 21). risks amonths after delivery and wanes thereafter
%-::-; Imprecision in estimates ofage at first and (9, tabl. (15). The ovulation hypothesis thus predicts

¢_ last menses could explain at least some of source.''.':!_,:" that a month of lactation shortly after deliv-
ery reduces a woman's ovarian cancer risk the discrepancies. Consistent with this inter, interpr

; more than does a month of subsequent lac- pretation are the stronger trends for men- reducti
tation. Data available from six of the studies arche and menopause in young women predict

support this prediction, compared with older women, who are less unless.
able to recall accurately menstrual events in (34, 36

-' AGE AT MENARCHE AND AGE AT the distant past (22-24). Indeed, the total abovea
MENOPAUSE agespanwithin whichwomenundergomen-

,, opause is relatively narrow, so reporting of TOTAL
.: Studies in the United States (17) and Fin- menopausal age with large error (23) may

:_ _ land (18) suggest that the later menarche misclassify women from one extreme of age We r
: occurs the longer it takes to establish regular at menopause to the other, hypoth_

ovulatory cycles. Thus, the ovulation hy- epitheli,
• pothesis predicts that women who began ovulatic

menstruating before their teens have higher EXOGENOUS ESTROGENS of these

•,::_ ovarian cancer risk than do women with Estrogen-containing oral contraceptives referem
latermenarchebecausethe former started suppress ovulation and reduce pituitary se- view), s

• * ovulating earlier. By contrast, cessation of cretion of gonadotropins (25). Thus, both lation,
, : menstruation at menopause is a poor sur- ovulation and gonadotropin hypotheses pre-

% .... ¢
: L .
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cessation of ovulation, since ovu- dict that oral contraceptive use reduces ovar- "anovulation" to mean suppression of men-
'es occur sporadically during the ian cancer risk. This prediction is supported ses due to pregnancy, oral contraceptive use,
,ausal years. The ovulation hy- by trends of decreasing risk with increasing delayed menarche, or early menopause. In
_erefore predicts that late age at duration of oral contraceptive use, even this section, we restrict attention to invasive
: is weakly associated with in- among the highly parous, as seen in refer- cancers (9), whose numbers were large
arian cancer risk. In agreement ence 9, table 9 and reference 10, table 2. enough to permit evaluation of such inter-
rediction for menarche, the data Conjugated estrogens also suppress pitui- actions.
is ofincreased risk associated with tary hormone levels in postmenopausal

arche, although the trends are women, although not to premenopausal lev- Reference age
ble 8). However, in disagreement els (25-29). However, the data show no as-
ediction for menopause, the data sociation between estrogen replacement Pike (37) hypothesized that ovarian can-
ear trends with later cessation of therapy and risk for ovarian cancer, regard- cer incidence rates I are proportional to
on (9, table 8 and 10, table 3). less of tumor behavior (9, table 10 and 10, ovarian epithelial "tissue age" t, measured
ter women, those with late men- table 2). The failure ofestrogen replacement in units of cell mitoses:

e no altered risk of invasive can- therapy to reduce risk argues against the l(t) = ct.
_ospital-based studies and slightly gonadotropin hypothesis, unless gonadotro-
risk in the population-based': pin levels in estrogen users are still above a where c is a constant. Ovulation induces a
e slight decrease in risk in the _ threshold needed to facilitate carcinogenesis, transient increase in mitotic activity in the

data supports, instead, the ovarian epithelium (1); therefore, a year of

,in hypothesis because late! PELVIC SURGERIES anovulation reduces ovarian tissue age by
postpones exposure to elevated the number to of mitoses avoided. Pike's

_in levels that accompany the Tubal ligation and hysterectomy with hypothesis then predicts that each year of
• (19). This absence of increasing ovarian conservation may impair ovarian anovulation reduces the ovarian cancer in-
increasing age at menopause function, possibly by compromising blood cidence rate by a fixed (absolute) amount:

:r women conflicts with the less: supply to the ovaries (30-35). Thus, they I(t) - I(t - to) = ct - c(t - to) = Cto.
_ith age of ovarian cancer incl. should protect against ovarian cancer, ac-
after age 55 years. Such deceler, cording to the ovulation hypothesis. More- Since a woman's tissue age increases as she
a even in countries over, hysterectomy during the reproductive ages, the prediction implies that the propor-
acommon and years should protect more than hysterec- tional risk reduction associated with a year
menopausal rates downward tomy after the menopause. These predic- of anovulation wanes with age:
•'omen from the lions are confirmed by the observed reduced

[I(t) - I(t - to)]/l(t) = cto/ct _ 0
J. risks associated with both types of surgery
on" (9, table 11and 10, table 3), although several as t increases. This implication is supported
could explain at least some sources of bias (9) must be considered in by the attenuated odds ratios among older
ncies. Consistent with this interpreting the findings. In contrast, the risk women (reference age, greater than 55 years)
e the stronger trends for reductions conflict with an increased risk compared with younger women, shown in
menopause in young predicted by the gonadotropin hypothesis, table 1. This table presents odds ratios

_ith older women, who are unless any estrogen deficiency after surgery among younger and older women according
:!accurately menstrual events " (34, 36) fails to elevate gonadotropin levels to total years of ovulation, estimated by
past (22-24). Indeed, the abovea threshold needed for carcinogenesis, subtracting age at menarche from age at last
hin which women undergo menstrual period and then further deducting
latively narrow, so reporting TOTAL YEARS OF ANOVULATION total time pregnant in term pregnancies (as-
age with large error (23) suming 9 months per pregnancy), breast

vomen from one extreme of_ We next evaluate predictions of the two feeding, or taking oral contraceptives.
se to the other, hypotheses for associations between risk of Women hysterectomized before the menu-

epithelial ovariancancer and periods of an- pause were assumed to continue ovulating
ovulation and for the variation in strength until age 55 years. Table 1 shows strong and

IS ESTROGENS ot theseassociations with factors such as statistically significant trends of increasing
:ontaining oral reference age (i.e., age at diagnosis or inter- risk with increasing years of ovulation for
ration and reduce pituitary _ view),source of anovulation, age at anovu- younger, but not older women. The trend in

onadotropins (25). Thus, but _fion, and adiposity. Here we use the term older women showed interstudy heteroge-
d gonadotropin hypotheses pn
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TABLE 1. Odds ratios (OR) for invaslve epithelial ovadan cancer according to estimated years of

.. ovulation, by reference age

, Refefet_e age (years)

Yearsof <55t _55t
ovulation Cases Controls Cases Controls

-, " OR§ 95%CII P OR§ 95%CI P
.. ,!,__-:- No. % No. % value No. % No. % value

<:25 208 30 2,099 47 1,0 24 5 90 6 1.0
25-29 131 19 804 18 1.8" 1.4-2.5 24 10 160 11 1.3 0.72-2.3
30-34 198 29 962 22 2.6* 1.9-3.6 121 23 363 25 1.2 0.72-2.1
>35 145 21 595 13 2.9* 2.0-4.1 318 62 826 58 1.5 0.87-2.4
Overall trer_l

per year 1.081 <0.001 1.02# 0.10

*p < 0.001.
t Basedon studies2, 6, 8, 9, 11, and12 (see part I, table 1 (50)).

_"_! ?: 1:Basedon studios2, 6. 8, 9, and 12.
• 'J § Adjustedforage and study.
_ _il I Cl, conr_ce interval.

1 Testof OR homogeneityacrossstudies:x| = 5.8, p = 0.38.
# Testof OR homogeneityacross stuoles:x| = 11.9,p = 0.04.

_: neity (p = 0.04); data from one study throughout life. If the conjecture were true,
_ showed a stronger trend than did data from then the percent risk reduction per preg- i

., the others. Similar trends were obtained nancy would remain constant or increase, I

when women were classified by the comple- rather than decrease, with age.
mentary years of anovulation (relative to a The percent risk reduction associated with
maximum 45 years of ovulation for a nulli- a year of delayed menarche also tended to
gravid woman with menarche and meno- wane with increasing reference age, but the
pause at ages 10 and 55 years, respectively, trends are more readily explained by chance.
who never used oral contraceptives). Risk reductions associated with breast feed.

In additional age-specific analyses (not ing did not vary by reference age, while those
- shown), measures of risk associated with associated with oral contraceptive use

pregnancy showed strong and consistent showed a nonsignificant increase with age.
trends of attenuation with increasing refer-
ence age. Specifically, the percent risk reduc-
tion associated with parity relative to nulli- Source of anovulation

.... parity declined steadily, ranging from 28 According to the ovulation hypothesis,
percent for women aged less than 40 years ovarian cancer risk depends on a woman's
to only 1 percent for women aged 70 or reproductive and menstrual history only as
more. Indeed, there was little difference in a function ofher total years of anovulation,
risk by parity among women aged 60 years rather than as a function of the individual
or more. Similarly, the risk reduction among components from the various sources. Table

fi-,_ the parous associated with each term preg- 2 compares estimates of the percent risk
nancy declined with age. These trends of reduction per year of anovulation due to

_._:, decreasing percent risk reduction with in- delayed menarche, term pregnancy among
creasing age were present (p < 0.01) for both the parous, breast feeding among those who

i hospital- and population-based studies. Such had breast-fed, oral contraceptive use among
: attenuation supports Pike's hypothesis. It users, and early menopause among those
•. _ also is consistent with a transient protective who were naturally postmenopausal or pr¢-
' _ effect of gonadotropin suppression during menopausal. Among younger women, the

pregnancy. However, it contradicts the con- magnitude of risk reduction per yearof term
jecture that pregnancy induces changes that pregnancy exceeds that associated with the
continue to reduce ovarian cancer risk other sources. Among older women, how-
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to estlmeted years of TABLE 2. Percent reduction of Invaslve epithelial ovarian cancer dsk per year of anovulation according to
source, by reference age

,rs} Reference age (years)

<55 >55
>55t Source of anovulation

% SEt %
_eS_ Contl_s OR§ 95% CI v:ue reduction reduction SE

% No. %
Delayedtmenarche 2.1 2.4 0.8 3,0

5 90 6 1.0 Termpregnancy§ 27.9** 4.3 12.2 5.2
10 160 11 1.3 0.72-2,3 Breastfeedingl 8.5 9.2 10.3 8.7
23 363 25 1.2 0,72-2.1 Oralcontraceptiveuseq 8.0** 1.7 20.4* 7.9
62 826 58 1.5 0.87-2.4 Eadymenopause# -1.0 1.7 0.4 1.0

1,02# 0.10 ""_p < 0.01; **p<O.O01.
1"SE, standard erro¢.
t Afterege 10 years.
§Amo_J the parous, adjusted for age, study, and oral contraceptive use, and as.s_r_g 9 months per term pregnancy.
I AmoKJ women who had breast-fed, adjusted for age, study, parity, and oral contraceptive use.
I Among users, adjusted for age, study, and parity.
# Before reference age for those aged <55 years and before age 55 years for those aged ->55. Women with arlJf_al menopause

exCluded.

ever,pregnancy is less protective than is oral less effective than pregnancy in inhibiting

it life. If the conjecture were contraceptive use. Reporting accuracy is pituitary secretion of gonadotropins (7, 39-

percent risk reduction per probably greater for time spent pregnant 41). The relatively large risk reduction as-
_uld remain constant or than for time from all other anovulatory sociated with oral contraceptive use among

n decrease, with age. sources given in table_2. Since random recall older women has a large standard error be-
"cent risk reduction associated error attenuates regression coefficient esti- cause few older women had used oral con-

delayed menarche also tended _ mates toward zero, such error could explain traceptives. Nevertheless, it suggests that the

increasing reference age, but t I some ofthe observed differences, early high-potency formulations used bymore readilyexplainedbychand In developed countries, breast feeding these women (42, 43) may be especially
,ctions associated with breast _uppresses ovulation less effectively than protective. Such extra protection also would

,t vary by reference age, while does pregnancy; some 40-75 percent of lac- argue against the ovulation hypothesis since
I with oral contraceptive l=ting women menstruate while nursing all formulations suppress ovulation at simi-

nonsignificant increase with (13). The findings in table 2 are thus consis- lar rates (44), but would support the gonad-
teat with the ovulation hypothesis, which otropin hypothesis since the high-dose for-

ixedicts that a month of breast feeding is mulations may have been particularly effec-
' anovulation associated with a smaller reduction in ovar- tive in reducing pituitary gonadotropins

;ng to the ovulation imaeancerrisk than isa month ofpregnancy. (39-41). Alternatively, the large risk reduc-
ancer risk depends on a Although the differences in risk reduction tion accompanying previous oral contracep-

ive and menstrual history onl_ between pregnancy and breast feeding do rive use in older women suggests that the

of her total years of anovula_ not achieve statistical significance, those be- biologic effects of oral contraceptives may
.n as a function of the indivi. _ Im_n pregnancy and oral contraceptive use increase with time. Like the previous expla-

ats from the various sources. Ti_a_ln dgnificant (p < 0.0l) among younger, nation, such a latency effect would conflictes estimates of the percent _ _ not older women. This difference in risk with the ovulation hypothesis, but not nec-

per year of anovulation dt/_l/r-i_uction in younger women, if not due to essarily with the gonadotropin hypothesis.
_enarche, term pregnancy mR !_l_ling errors in duration of oral contra- The data in table 2 suggest that for all
i, breast feeding among those ImB_¢l_tivc use (38) or other bias, conflicts with women, neither a year of delayed menarche
.fed, oral contraceptive use ovulation hypothesis, which predicts nor a year of early menopause is associated
I early menopause among per year of pregnancy and with the same risk reduction as is a year of
naturally postmenopausal use, since these condi- pregnancy, breast feeding, or oral contracep-
al. Among younger _ equally effective in suppressing ti_;e use. Among younger women, breast

ofrisk reduction per difference is more consistent feeding and oral contraceptive use appear
, exceeds that associated gonadotropin hypothesis because equally effective in reducing ovarian cancer

tees. Among older women, ¢ oral contraceptives may be risk, albeit less effective than pregnancy.
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Age at anovulation of fertility drugssupportboth ovulationand

The probabilitythat a menstrualcycle is gonadotropinhypotheses.Yet there are in-
ovulatory varieswith age, being highestin consistencies:Theobservedprotectiveeffect
the age range 25-40 years and lowest at of delayedmenarche is weaker than pre-

dicted by either hypothesis, and the lack of
"_ either end of the reproductive years (45). clear trends with age at menopause, if not

Thus, the ovulation hypothesis predicts less
protection per year of menses suppression due to recall error or other bias, argues

against both hypotheses. The greater risk

•- _3f i due to delayed menarche and early meno- reduction associated with pregnancy thanpause than per year of such suppression at
:'_ / _' with oral contraceptive use argues against" / the height of reproductive life. The differ-

/" ences in table 2 support this prediction. Fur- the ovulation, but not the gonadotropin,
-" ther, since women with late first birth tend hypothesis. Some of these inconsistencies

," may be due to differential measurement er-to complete their childbearing later than do
. women with early first birth, the ovulation ror among the sources, since pregnancies

' probably are recalled more accurately. Eval-
hypothesis predicts less protection per preg- uation of this issue in cohort studies is of

' . "_, nancy to women with late first birth than to
_L._._ interest in light of evidence (21, 22) thatwomen with early first birth. This second
""_i _" prediction received weak support from the contemporaneous report of menopausal sta-

. hospital-based data, but not from the popu- tus and estrogen use may be more accurate
lation-based data. Future studies should ob- than recall of these events later in life.

tain the timing of all pregnancies and epi- The findings for breast feeding, estrogen
i,, sodes of lactation and oral contraceptive use, replacement therapy, and pelvic surgeries

are consistent with the ovulation hypothesis,
as well as information on menstrual cycle but conflict with the gonadotropin hypoth-ii. :,, length, in order to compare ovarian cancer

.-_;,,/, ,,-.... esis. However, the endocrine profiles asso-_:,_,','_ Y_" risk reduction per unit time at the height of
_,_::: the reproductive years with that at either ciated with these characteristics and their
_ _ extreme, contributions to ovarian carcinogenesis are

...._.,__. • poorly understood. Pending further research

)i_(i _._., Adiposity to clarify these issues, the findings cannot be_.'_ _ interpreted as strong evidence against the

i_ _. _ Extreme obesity before the menopause is gonadotropin hypothesis._i _" associated with increased incidence of ano- Both hypotheses may be valid, with each
i:!5_ _r'_¢ vulatory cycles (46) and lower circulating explaining some fraction of all epithelial

::=_ '_ . levels of pituitary gonadotropins (47). Thus, ovarian cancers. Histology-specific analysis,
;, both hypotheses predict that pregnancy, lac- although not feasible for these data, may

,_ tation, and oral contraceptive use are more help to distinguish the relative contributions
:3 protective to the lean than to the obese, for of each. Research involving both epidemi-

whom they prevent fewerovulations and less ology and the basic sciences will be needed.
exposure to FSH. Only the data for breast For example, ovarian cancer has a strong

": feeding support this prediction; the risk re- familial component (48), and work is under
ductions associated with pregnancy and oral way to determine genetic loci that predispose

_: .?_"_ contraceptive use did not vary with adipos- to the disease. Markers of genetic suscepti-
'_ • ity. However, the reduction associated with bility will permit refined analyses that may
. breast feeding was confined to women whose elucidate mechanisms. Clinical research will

,,_ "usual" value of Quetelet index was less than also be useful. For example, epithelial ovar-
:_ 35 (p < 0.05 for both hospital-based and ian cancers have been observed in dysgenetic

population-based studies), gonads that lack ova and are, therefore, inca-
pable of ovulating (49). This observationSUMMARY
demonstrates that ovulation is not necessary

: The data relating ovarian cancer risk to for epithelial carcinogenesis. However, dys-
• ,::i pregnancies, oral contraceptive use, and use genetic gonads are exposed to elevated cir-

?,
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